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ABSTRACT

A conceptual design study has been conducted to identify
some of the mechanical/structural differences which result from the
use of a tug/payload combination in a space-basing mode as contrasted
with a ground-based mode of operation., The basic mechanical/
structural differences associated with space-basing were identified
by analyzing a space-basing strategy in which the tug and payload
are launched separately by the EOS and comparing it with the ground-
based mode in which the tug/payload is launched as an integral unit
in the EOS, This operational concept, which is the simplest of a
number of possible space-basing strategies, was also used to identify
the major impacts on the Larth Orbit Shuttle (FEO0S),

An investigation of on-orbit payload deployment/retrieval
mechanisms that could be utilized in the EOS for both the space-
basing and ground-basing modes of operation was also conducted as
a part of this study in conjunction with The Aerospace Corporation
DOD impact studies performed for SAMSO,

The mechanical/structural differences that were identified
from a comparison of payloads operating in the ground and space-
based modes of operation are discussed in addition to delineating
the advantages and disadvantages associated with various payload

deployment/retrieval mechanisms,
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I. INTRODUCTION

Results are presented of a conceptual design study that was conducted
to identify the major mechanical/structural differences which result from the
use of a tug/payload combination in a space-basing mode as contrasted with a
ground-based mode of operation, Space-basing of a tug/payload combination,
although it can be accomplished in a number of ways, differs from the ground-
basing mode of operation in that the tug can be based in space while awaiting
the arrival of the payload in the Earth Orbit Shuttle (EOS), in the simplest
mode, and can be refueled in space in some of the more elaborate modes, The
ground-basing mode, in which the tug and payload are launched as a unit in the
EOS, is adequate for many or most of the DOD missions but many of the con-
templated NASA missions could utilize to advantage the concept of space-basing
because of the characteristics of the various contemplated missions. Therefore,
a study was made of the space-basing operation to determine the more signifi«
cant mechanical/structural characteristics of the interface between the tug
and payload, the tug/EOS, and the payload/EOS. The basic mechanical/structural
characteristics associated with space-basing and the major impacts on critical
elements of the system were identified by analyzing the simplest of several
possible space-basing strategies while recognizing that the more sophisticated
strategies will result in additional differences in both the mechanical/
structural design and the interface requirements,

An investigation of deployment/retrieval mechanisms that could be used
in the EOS for the space-basing and ground-basing modes of operation was also
conducted as a part of this study in conjunction with the DOD impact studies
performed for SAMSO., An evaluation of concepts proposed by contractors and
other concepts derived from Aerospace in-house studies is also presented in

this report,

I, STUDY OBJECTIVES

The objective of the study was to identify the more significant differ-
ences between ground-based and space-based tug/payload combinations with respect
to the structural/mechanical requirements and configurational characteristics,

particularly in the areas of structural and mechanical interfaces, docking
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mechanisms, etc., A further objective was to identify the impact on the tug/
payload and EOS resulting from the structural/mechanical requirements of
space-basing with respect to the structural supports, electrical and fluid

interface requirements, clearance and access provisions, etc.

I, GROUND=-BASING DEFINITION

In the ground-basing mode, the tug/payload combination is launched
from the ground in the Earth-to-Orbit Shuttle (E0S) as shown schematically in
Figure 1. The tug/payload combination is then deployed and separated from the
EOS in low earth orbit using a suitable deployment mechanism, followed by
transfer of the payload to the desired orbit by the tug. The tug then returns
to low altitude orbit for transport to earth via the [0S, After being re-
fueled and checked-out, as required, on the ground, the tug is returned to the
low orbit by the EOS and hence to the mission orbit where the tug recovers the
payload, and returns it to the low earth orbit. The combined tug/payload is
returned to earth via the EOS,

IV, SPACE-BASING DEFINITION

In the simplest postulated space-basing mode, the tug and payload are
launched separately as shown in Sketches Al and Bl shown in Figure 2. Sub-
sequently, the tug and payload are prepared for deployment as shown in
Sketches A2 and B2 (Figure 2). Two postulated alternative methods of mating
the tug and payload are shown in Sketches A3 and B3 (Figure 2), Sketch A3
depicts the EOS as the active maneuvering element during the orbital mating
of the payload, attached to the E0S, and the tug; Sketch B3 depicts the tug as
the active maneuﬁering element for mating with the payload after it is deployed
from the E0S, Using the EOS as the active maneuvering element appears to be
the more likely approach since the availability of the crew would greatly
simplify the docking operation, After the tug and payload are docked together,
the combined tug and payload are separated from the shuttle to perform a

mission similar to that described for the ground-based payload.
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V. EXPANDED CONCEPT OF SPACE-BASING

Space-basing, as defined above (Section IV), describes the space-
basing mode of operation in its simpler form, Other representative space=-
basing strategies, described below, are outlined in Figures 3, 4 and 5. 1In
Figure 3, the space-basing mode analyzed in this report is identified by the
symbol GB,

The strategies shown in Figures 3, 4 and 5 expand the basic space-
basing concept described in Section IV by: a.) postulating the extension of
mission durations, b.) by increasing the AV capabilities of the tug through
the utilization of the entire shuttle payload bay capacity for the tug alone,
and c,) by providing an orbital propellant depot (OPD) for refueling and/or
storage of the tug, These strategies are indicated in Figure 3 by the symbols
GB-X, SB, and SB/OPD, respectively. These expanded strategies, and the
strategy in which one tug is used for both operational modes (GB/SB) were
investigated only briefly in this study,

VI, STUDY APPROACH

The study to identify the major mechanical/structural differences
which result from the use of a tug/payload combination in a space-basing mode
as contrasted with a ground-based mode of operation was essentially conducted
in three separate parts., The first part of the study involved a comparative
evaluation of payload deployment/retrieval mechanisms. This part of the study
was conducted in conjunction with The Aerospace Corporation DOD impact study
since the tug/payload combination defined for this study (Section VII) is
typical in many respects to the DOD payloads under consideration, The second
part of the study consisted of a comparison between a ground-based tug/payload
combination operating in a ground-based mode and the same tug/payload combina-
tion operating in a space-based mode, This relatively unsophisticated space-
based strategy was used to determine the basic mechanical/structural character-
istics of the interface between the tug and payload, the tug/EOS and the
payload/EOS, The third part of the study involved a brief analysis of the
remaining (expanded) space-based strategies to determine the more significant

differences between the ground and space-based operational modes.
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VII. GROUND RULES AND ASSUMPTIONS

The ground rules and assumptions used in this study are as follows:

1.

The Mchonnell Douglas Corporation (MDAC) EOS orbiter payload
bay geometry and structural attachments were selected as a
representative baseline arrangement, The payload bay charac-

teristics of the MDAC EOS orbiter are as follows:

a, Payload clear volume 15 ft dia x 60 ft long
b. Payload bhay compartment length 065,75 ft
c. Static clearances between payload clear volume diameter

and adjacent orbiter structure:

1. At bottom of payload 0.25 ft (3.0 in.)
2. At horizontal centerline 0.417 ft (5.0 in.)
d, Distance between forward 3.83 ftl (46.0 in.)

bulkhead and payload
e. Docking mechanism hinge point - 5.0 in, aft of the
forward bulkhead and 81,0 in, above the payload

centerline

The representative tug and payload sclected as baseline for
study purposes is a tug having the dimensions noted below
combined with a scaled-up version of the Tracking Data Relay

Satellite (TDRS) having dimensional characteristics as follows:

a. Tug
NDimensions Ft Weight (Lb)
Overall length 36, 25° 66,558 (fully loaded
with propellant)
Diameter 15,0

b, Scaled-up TDRS
Overall length 21.0 7,950

Diameter 15.0

1 NDimension established by MDAC as the interface plane for docking payloads.

Dimension with the Pratt § Whitney RL-10 derivative engine skirt retracted
thus reducing the on-orbit engine length by 60,0 inches,
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VIII, PAYLOAD DEPLOYMENT/RETRIEVAL CONCEPTS

A number of deployment/retrieval concepts for a typical tug/payload
have been tentatively defined. These concepts are shown in Figures 6 to 10,
-respectively, The forward pivot deployment/retrieval concept, depicted by MDACand
shown in Figure 7, and the MDAC orbiter and tie-down system were selected for
use in comparing ground-based and space=based deployment/retrieval requirements,
The basic characteristics of the various deployment/retrieval concepts, in
addition to the advantages and disadvantages associated with each of the

respective mechanisms, are discussed below under the appropriate headings.

A. Description and Characteristics of Deployment/Retrieval Concepts

1, Linkages

All concepts shown in Figure 6 are dual linkage arrangements
in which one or several linkages, depending on the concept and deployment

geometry, is positioned on each side of the payload,

Concept Description Advantages Disadvantages

4-Bar Linkage and a. Fabrication simplicity, a, Fixed in-orbit

Scissor Linkage b, Fine adjustments deployed position,
easily achieved, b. Unsuitable for multiple

payload arrangements,

c. Payload clearance
envelope exceeded
locally due to linkage
geometry (EOS impact),

d. Synchronized motion
required between arms,

) e. Pitch plane movement

only,

f. Deployment question-
able if one side of
linkage fails,

Swing Link a. DProvides additional a, lnsuitable for multiple
inplane payload move- payload arrangements,
ment, b, Lack of torsional

b, Minimum radial clear- stiffness in yaw,
ance requirements, c. Deployment question=-

able if one side fails,

All of the linkage concepts require accurate alignment and precise joint
motion synchronization to prevent variations in the deployment motion which

could cause the payload to wedge between the linkage assembly,
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2. Forward Pivot

The forward pivot mechanism shown in Figure 7 utilizes a hinge
located at the forward face of the EOS payload bay. Half of the hinge is
attached to the EOS; the other half is attached to a docking device which in
turn is attached to the payload. The payload is rotated out of the EOS payload
bay about the forward pivot.

Advantages Disadvantages
a, Simple, straightforward pivot a., Fixed in-orbit deployed position.
hinge design, b. Unsuitable for multiple payload
b, Stable control of deployment due arrangement,
to the wide displacement of the c. Limited to single degree of
hinge arms. freedom (inplane),
¢, Crew transfer capability easily
incorporated,

d. Fewer actuators required in
comparison, for example, to
linkage concepts.

e. Pivot concept can be adapted to
either end of payload bay,

The forward pivot mechanism is a simple straightforward approach,
However, the payload is restricted to being deployed in a single rotation
plane. A disadvantage associated with this concept is the inverted position
of the tug during launch in which, as contrasted with the conventional launch
arrangement (nozzle aft), the acceleration forces on the fluid propellant are
in opposite, instead of the same direction, during launch and orbital flight,
A cursory evaluation of the respective plumbing arrangements indicates that
additional plumbing lines, valves and fittings are required for the inverted
arrangement, The overall effect of the inverted position of the tug is an

increase in the tug mass fraction,

3. Teleoperator

The teleoperator concept defined in Figure 8 is basically a
crane or derrick mechanism comprised of several connected links driven inde-

pendently at the joints,



Advantages

a. Deployed payload can be maneu- a.
vered to obtain a two degree of
freedom motion capability,

b. Adaptable to alternative locations
in payload bay.

c. Teleoperator end fitting can be
adapted to suit different
manipulator devices,

d, Considerable practical experience
available with ground applications
of teleoperators used for removal/
replacement of isotopes and
orthotic devices for amputees,
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Disadvantages

Lack of stiffness due to limited
space and inherent flexibility of
cantilever structures, Relatively
slow deployment to minimize de-
flections of structure,

The teleoperator is particularly well suited to multiple payload

deployment, The device can also adjust or vary the deployed position of the

payload,

4, Payload Bay Door

The payload bay door concept
a8 a primary structural element to which the
launch, In orbit, the payload is rotated by
for deployment,

Advantages

a, Payload can be positioned to a,
clear EOS in one simple
operation,

C.

shown in Figure 9 uses the door
payload is attached during
the door to the proper position

Disadvantages

Weight penalty associated with
strengthening doors to support
payload,

Requirement for several separate
doors to accommodate multiple pay-
load arrangements would involve
an even greater weight penalty,
Connection of electrical power,
fuel, and command and sensor line
umbilicals may be severe problem
(15" fuel line) assuming that
these connections must be rotated
to the deployed position,

The payload bay door concept is a novel approach, However, deployment

of the payload from inside the EOS payload bay to a position outside, and
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adjacent to, the vehicle fuselage by rotating the door does not appear to
provide sufficient advantages to overcome the probable structural weight
penalty associated with this concept. This concept is, however, attractive

enough to warrant further consideration,

5. Combined Concepts

Several combined concepts are shown in Figure 10 - the crane
(teleoperator) and banjo pivot, crane and segmented structural door, and a
crane combined with a complete structural door., These combinations were
selected as being representative of combined concepts having sufficient poten-
tial to be considered as attractive deployment/retrieval candidates, The
relative advantages and disadvantages of these combined concepts are
associated with the merits previously identified for the individual concept
used in the combination approach., By combining two or possibly three
separate deployment concepts into one, it is possible in some combinations to

obtain a composite of the advantages associated with the individual concepts.

B. Concept Comparison Criteria

An effort was made to rank the various contractor payload deploy-
ment/retrieval concepts as well as those concepts developed in-house during
the study. To assist in ranking the various mechanisms, the selection
parameters listed in the matrix shown in Figure 11 were derived, These
parameters are the more significant ones to be considered when selecting a
deployment/retrieval mechanism, The deployment/retrieval concepts are ranked
according to their capability with respect to a given parameter, It is
difficult at this time to select a specific concept as the best overall since
payload design data and operational characteristics are not known in suf-
ficient detail, The concept ultimately selected will depend on the emphasis
placed on specific characteristics; for example, maintainability and relia-

bility may be more important in some cases than light weight,
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1, System Weight Impact

System weight impact (Figure 11) refers to the relative
weight increase of the shuttle/payload system imposed by the addition of the
payload deployment/retrieval mechanism system, The five categories of deploy-
ment mechanisms arc ranked in the order of lowest (1) to highest (9) weight
based on an overall assessment and comparison of the size and number of required

structural members, links, mechanisms and fittings, etc.

2, Operational Reliability

On-orbit operational reliability (Figure 11) refers to the
degree of reliability that can be achieved with each particular mechanism
relative to the other systems. The five catagories of deployment/retrieval
mechanisms are ranked in the order of highest (1) to lowest (5) on-orbit relia-
bility based on relative assessment of the number, type and overall characteris-

tics of the drives and mechanisms required to operate the devices,

3. Power Requirements

Each concept is ranked on the basis of the lowest (1) to highest
(4) estimated power required to operate each particular mechanism during the

deployment/retrieval cycle as compared to each of the other concepts considered,

4, Thermal Distortion LEffects

Thermal distortions may be induced in the mechanism due to
changes in temperature in the mechanism resulting from proximity to the tug's
cryogenic tank, payload bay environmental changes, and on-orbit sun/shade
variations from ambient conditions, Some mechanisms are more sensitive to
temperature variations than others particularly where the mechanism is comprised
of relatively long linkage members, for example, As indicated in Figure 12,
the static clearances between the payload envelope and shuttle payload bay are
marginal at best and any significant decrease in clearances resulting from
mechanism thermal distortions could present a problem, The five categories
of deployment/retrieval mechanisms are ranked in the order of lowest (1) to
highest (5) effect on the mechanism due to thermal gradients.
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5. Mechanism Complexity

The complexity associated with each particular mechanism can
be qualitatively assessed by evaluating the number of linkages, pivots, drives
and joints that are used., In addition, the number and complexity of the ad-
justments required to attain the proper alignment is important in assessing
mechanism simplicity. Some mechanisms, particularly those that can be more
easily aligned than others, use fewer links, pivots, drives and fittings, etc.
The five categories of deployment mechanisms are ranked in the order of lowest
(1) to greatest (5) complexity.

6., Adaptability to P/L Mix

Each deployment/retrieval mechanism is ranked with respect to
the degree of adaptability associated with the deployment of different types and
numbers of payloads without the requirement for excessive adjustments or modifi-
cations, The payloads may vary from a single payload,that uses the complete
payload volume, to a multi-payload arrangement consisting of a number of space-
craft, or mixes thereof, The five categories of deployment mechanisms are
ranked in the order of greatest (1) to lowest (6) adaptability with respect to
the deployment of a variety of payloads.

7. Tug Impact

The impact to the tug that results from installing or attaching
the deployment/retrieval mechanism to the tug is assessed under this heading,
For example, additional structural members may be required in the tug to
resist local load concentrations that occur because of the type of mechanism
that is used to deploy the payload, The five categories of deployment
mechanisms are ranked in the order of lowest (1) to highest (6) impact on the tug
vehicle,

8. Mechanism Check-out and Adjustment Accessibility

The various deployment/retrieval mechanisms are ranked
according to the access provisions that are required in the EOS
vehicle to install, check-out and adjust the payload deployment/retrieval
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mechanism, The five catepories of deployment mechanisms are ranked in the
order of highest (1) to lowest (5) accessibility for check-out and adjustment

without the requirement for special access provisions,

9. Concept Evaluation

Based on a summary comparison of the concepts considered in
this study, it appears that the fixed linkage mochanism concepts described pre-
viously contain sufficient inherent disadvantages to detract from the attractive-
ness of this deployment/retrieval device as a candidate for further considera-
tion., The main disadvantage of the linkage concepts is the lack of lateral
stiffness provided during payload deployment, Lateral stiffness is difficult
to achieve since insufficient clearance exists between the EOS payload bay and
the tug/payload for providing sufficiently stiff structural members. The
linkage concepts also require accurate alignment of the joints and precise
synchronization of the joint motion to prevent wedging of the payload between
the linkage assembly during deployment,

The payload bay door concept for payload deployment is a novel
approach worthy of further consideration, llowever, deployment of the payload
from inside the E0S payload bay to a position outside and adjacent to the
vehicle body does not appear to provide sufficient advantapes to offset the
structural weight penalty that appears to be associated with this concept,

The structural weight penalty occurs because the payload bay door is required
to support the tug/payload during launch and thus becomes a primary structural
element; in the baseline EOS vehicle, the door is essentially a non-structural
element, The EOS vehicle tentatively uses the inside surfaces of the payload
bay doors for the thermal radiators, When used for the radiators, the doors
would be opened during exoatmospheric flight so that heat could be dissipated
from the radiator surface. If the payload were attached to the payload bay
doors, then an alternative surface would be required for the radiators.
Alternative locations would be difficult to find since the majority of the
external surface of the LFOS is comprised of shingles that are used for thermal
protection purposes during re-entry and do not readily lend themselves for use
as a radiator. A more detailed evaluation of this aspect of the design would
be required if the payload bay door concept is actively considered as a
future candidate,
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It has been tentatively concluded from an evaluation of the
various payload deployment/retrieval mechanism concepts considered that the
teleoperator combined with, for example, a pivot-type mechanism offers a
desirable combination for deployment/retrieval of the tug/payload and that the
weight associated with the concept relative to other concepts is not excessive,

The ultimate selcction of a deployment/retrieval mechanism
requires a more detailed knowledge of the design and operational characteristics
of the payloéd and payload mixes contemplated for use with the EOS/tug
system,

IX, COMPARISON BETWEEN GROUND AND SPACE-BASING CONCEPTS

A comparison of the mission operational characteristics for a ground-
based tug/payload vehicle operating in a ground-based and space-based mode
(identified by the symbol GB in Figure 3), as shown in Figure 2, indicates
several significant differences in the design requirements for the respective
modes.,

The launch configurations differ, as shown in Figures 1 and 2, in that
an additional docking interface mechanism, that is, one on cach end of the
payload, is required for the TDRS payload operating in a space-based mode.
The additional docking device is required to mate with the tug if orbital
mating (Figure 2) is considered whereas the docking device on the other end is
used to support the payload from the EOS vehicle docking mechanism during
launch, The docking device used for supporting the payload during launch is
also used to deploy the payload/tug combination if an alternative docking
method is considered in which the tug is docked to the payload while the
payload is still attached to the EOS,

The relative positions of the ground and space-based payload in the
EOS payload bay are different for the respective launches (Figures 1 and 2).
In the ground-based tug/payload arrangement, the payload is located in the
aft end of the LOS payload bay since it is attached to the tug; in the space-
based arrangement; the payload, since it is launched separately, is attached
directly to the EOS docking device that is located adjacent to the forward
bulkhead in the MDAC baseline. The power, sensing, command, etc, interface
disconnects would therefore be in different locations in the EOS vehicle for

the respective basing modes.
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An evaluation of the ground-based payload electrical, signal and
sensing connector requirements suggests that only a single connector for
mating with the tug is required., Conversely, in the space-based mode involving
separate payload and tug launches, two connectors for electrical, signal and
sensing functions are required in the EOS for mating with the tug and payload.
It may be possible through careful design to achieve interchangeable inter-
faces by standardizing the payload interfaces. A more detailed analysis is
required to adequately identify the differences in interface characteristics
and to evaluate the various alternatives associated with the ground and space-
based payloads,

The MDAC EOS payload structural supports (Figure 12) which were used
as baseline for this study were defined specifically for the integral tug/
payload ground-based launch mode., The design of the structural supports
associated with the ground and space-based tug/payload will differ due to
differences in the relative locations of the ground and space-based payloads
(Figures 1 and 2) with respect to the EOS baseline payload mounting support
points shown in Figures 12 and 13. The aft structural payload attachment, also
shown in Figure 13, is part of a typical support concept developed specifi-
cally for the ground-based tug/payload arrangement, The structure was located
as shown to support the tug but is not suitably located for supporting the
space-based tug and payload when launched separately. An analysis of the
structural support requirements for a variety of payloads should be conducted
to determine if the support locations can be standardized.

One of the alternative tug/payload orbital mating concepts, identified
in Figure 2, shows the space-based tug being docked to the payload while the
payload is still attached to the EOS. This mode of docking differs from the
docking method postulated for the ground-based tug and payload in Figure 1,
The actual docking and attachment of the payload to the tug while the payload
is docked to the EOS may impose more severe docking loading conditions than for
the orbital mode of docking identified for the ground-based tug/payload (TDRS)
vehicle due to differences in the respective mass relationships since it is
assumed that the closing velocities, and the alignment and shock absorbing
characteristics associated with both docking modes, are similar., A more
detailed analysis is required to determine whether the advantages associated
with using the hard docking mode of operation compensates for the additional
structural requirements that may be imposed on the tug.
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X, IMPACT OF EXPANDED STRATEGIES ON GROUND-BASED VEHICLE SYSTEM

From a review of the various alternative mission strategies outlined in
Figure 3, several differences between the operational mode of a ground-based
tug/payload (GB Figure 3) operating in a ground-based mode and, for example,
a ground-based tug/payload operating in a space-based mode can be found. A
comparison of strategies (Figures 3 and 4), listed as GB-X (ground-based
extended mission design), GB/SB (both ground-based and space-based design),
SB (space-based), and SB/OPD (space-based with orbiting propellant depot),
was made to identify some of the requirements for achieving an extended mission
capability and other operational requirements associated with the expanded
strategies, A discussion of the more obvious differences are conducted under
separate headings below,

A, Extended Mission -Capability

The space-based tug, with extended mission capability (up to 1 year
on-orbit duration) may be required to perform several different missions
during this time and, since refurbishment after each mission is impractical,
the design requirements for the various interfaces and disconnects would
differ from those required for a similar ground-based vehicle, The disconnects
would include interface connectors (power, equipment,sensing,and command and
control signals, wire lines, etc.), fuel connections, cryogenic replenishment
connectors for power systems, etc, Differences in the design requirements
would result mainly from the longer on-orbit durations and increased component
duty cycles in addition to the effects of wear and contamination, etc, that
could contribute to possible connector malfunctioning., An extended mission
capability requires longer storage of the cryogenic propellants which results
in changes in the tank design,particularly, the tank insulation requirements.

B. Operational Requirements

The operational requirements for a ground-based mode of operation
as contrasted with space-basing differ significantly, The SP/OPD strategy
listed in Figure 3 indicates that the tug would be refueled from an orbital
propellant depot (OPD) as contrasted with being refueled on the ground. The

refueling operation imposes an entirely different set of requirements to be
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used in the design of the ground and space-based docking mechanisms and fuel
transfer system, For example, the docking dynamics associated with the in-
orbit docking of the tug and OPD will differ from the normal docking operation
and will probably require that the tug be strengthened locally to accommodate
higher loading conditions. The postulated concept of docking two tugs,
identified in the GB (Figure 3) strategy for transferring payloads to higher
energy orbits, may also significantly affect the docking mechanism, the design
of the tug local structure in the vicinity of the docking mechanism, and the

attachment design requirements,

C. General Comments

An in-depth comparative analysis of the space-based strategies,
shown in Figure 3 and similar ground-based strategies, would be required to
identify many of the changes in the tug design that result from differences
in the various strategies. For instance, the tank insulation requirements
will probably change due to the extended mission requirements and the skin
thicknesses may change locally due to the higher loading conditions resulting
from different docking requirements. Differences in the micrometeorite
puncture criteria resulting from longer on-orbit stay times will also
increase the outer tank skin thicknesses, The majority of the interface
connections - dump valves, refueling devices, etc, - would also have differ-
ent design characteristics due primarily to the higher duty cycles and longer
on-orbit storage requirements.

One of the more significant items required for the space-based
vehicle may include the requirement for a maneuverable propellant probe, The
probe would be a part of the tug equipment and would be used to connect with
an Orbital Propellant Depot (OPD) for refueling purposes in place of a hard
docking device, Also, the tug may incorporate a mechanical grappling device
to retrieve payloads not equipped with a universal docking device, In
addition to devices required for the possible removal and replacement of
specific components, devices for accomplishing possible space rescue missions

may also be included.
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XI. CONCLUSIONS

The selection of a payload deployment/retrieval mechanism is dependent
on the configurational characteristics of the EOS payload(s). Several signifi-
cant selection parameters have been defined for use when selecting a deployment/
retrieval mechanism, Selection of a specific concept as the best overall is
difficult to accomplish at this time since the payload design data and opera-
tional characteristics are not known in sufficient detail. Ilowever, if the
details of the various LO0S payloads and their deployment/retrieval characteris-
tics are defined before finalization of the design of the EOS payload bay com-
partment, deployment/retrieval mechanism concepts can be identified that will
satisfy the major requirements of the system.

A comparison of the mission operational characteristics for a grounds
based tug/payload vehicle and a ground-based vehicle operating in a space-based
mode indicated several significant differences in the design requirements for
the respective vehicles., The launch configurations differ in that an addi-
tional docking interface mechanism is required for the TDRS payload operating
in a space-based mode. The relative positions of the ground and space-based
payloads in the [0S payload bay for the respective launches are also different.
In the ground-based tug/payload arrangement, the payload is located in the aft
end of the EOS payload bay since it is attached to the tug; in the space-based
arrangement, the payload, since it is launched separately, is attached
directly to the EOS docking device that is located adjacent to the forward
bulkhead in the MDAC baseline, The space-~based tug, with extended mission
capability (up to 1 year on-orbit duration) may be required to perform several
different missions during this time and, since refurbishment after each mission
is impractical, the design requirements for the various interfaces and discon-
nects differ from those required for a similar ground-based vehicle, These
disconnects include interface connectors (power, equipment sensing, command
and control signals, wire lines, etc.,), fuel connections, possible requirement
for cryogenic power systems, replenishment connectors, etc. The differences
in the design requirements would result mainly from the longer on-orbit

durations and associated component duty cycle requirements.



}—  DOCKING MECHANISM
PAYLOAD

TUG

2l

LAUNCH CONFIGURATION

sl

TUG/PAYLOAD DEPLOYED POSITION

(

SYNCHRONOUS ALTITUDE TUG/PAYLOAD SEPARATION

d

SYNCHRONOUS ALTITUDE PAYLOAD RETRIEVAL

EOS TUG/PAYLOAD RETRIEVAL

FIGURE 1 GROUND-BASED STRATEGY




TUG

PAYLOAD -
DOCKING e— DOCKING
S N
DOCKING  —==
MEQIANISMS

Al Bl

INDEPENDENT LAUNCH CONFI GURATIONS

A2 B2

INDEPENDENT PAYLOAD AND TUG PEPLOYED POSITIONS

— DOCKING MECHANISML
TUG

By PAYLOAD PAYLOAD . ————1

IN-ORBIT MATING
B3

A3
TUG/PAYLOAD ORBITAL MATING ALTERNATIVES

FIGURE 2 -SPACE=-BASED STRATEGY




€ RINVId

SNOISSIN D11 NIIM1Id IDOVIVD STAIAOYL AdO /

10d3d INVTITIJdOdd

ONILISYO HLIM NOILDONNLNOD NI DNILVYIJO NDISIA aISVL-IDVdS | AdO/dS

AVE AVOTAVd TLIAHS 40 IWATOA TVIOL ISN NVDI NOISIA /
SINIWIYINOI Y TVNOILVEIJO QISVE-IOVAS NO AT1dT0S aasvd NoIsIa [as]
STIAOW TVYNOILVYIJO H1O€E Y04 aIsn NDOISIA Ol INO /

SININIYINDI Y
TVNOILVIIJO aasvd-IDVdS ANV -ANNO¥D H1IO0d SATASILYS HOIHM NDISIA |9S/9D

ALITIEVAVD JILY0S AIIONVHNI SIAIAOYAL /

NOISSIN TVIOL
ISINOYJINOD ION STFOd IHDITA ITLINHS ANODIS JO TVAIVEV

JLVT LVHLI LdIDXJ 99 OL ¥VTIINWIS ALITIAVdVD qIsSvd-3ovds /
ALITIGVAYD NOILVYNA NOISSIN AIANILXT HLIIM NDISIA dISVL-ANNOYD |X—dD

SNOILVI3IdO WAANVLI Y04 DAL ANOJJIS YO AVOTAVd JO TVAIYYV
¥OJd LIG¥YO NO ONILIVM OL QALINIT ALITIEVAVD @ISvea-dOvds /

SI SV NDISIA aISvd -aNNoy¥d |9D

SIIDTLVYLS DNISVE-FOVAS TAILVINISTIdI T

SISXTVNV DNISVI JOVdS



¥ NYId4

TNVHYIAO NTFIM1LILH

01 01 01 01~ 01~ sESNAY JO YIIWAN

XTINO ATINO WNNDVA WNNDVA WNNDVA *NOYIANT DNILVYIdO
WNNDVA WNNDVA 3 SONLV 3 SONLV 3 SONLV NOILVTIASNI TVYWYIHL
- dNNO¥D AaNNo¥o daNno o aNnoyd dNno¥d TNVHYIAO HOLVIA
sd1 sIx sax ON ON muz<zma7mwwazmwmwmro

XTINO
SIX SIX SIX HLTVIH on | SISONDVIA/LNOMDAHD
STX SIX SIX STX sax | DNITANVH AVOTAVd
SIX STX SIX Flvadn ON | “Wwv¥doud 'aInd lIG¥0-NO
a«,mm.%w avol avotT| ONIddOol ON _ azqumomﬂmwm%w«%m.zo
LHOIT AAVIH AAVIH LHOIT~ IHOIT | NOILD3 1Oo¥d AIO¥OILIAN
INVWY0d | INIDSIING | INADSIAIND | LNIDSIIND IAILOV | FTAONW IDVHOLS
¥x 1- gx 1~ gx 1~ ON 2~ MM 2~ _ NOILvdNd NOISSIN
MOT | ILVYIAOW | HOIH XA¥IA HODIH HOIH | ALISNIA DNIDVIDOVL
%00 1~ %001~ %05~ %05~ %06~ | °“TOA AVH AVOTAVd % ‘IZIS
| MOT HDIH HOIH MOT MOT d401DVvd J9NldoNuls
ado/gs ds as/49 Jun.‘m_..‘v YILANVEVA

ADJLVHIS DNISVE-FOVdS

WILSAS TTOIHIA

SNOILVIOITdWI WI1SAS TTOITHIA
SISATVNYV DNISVE TOVdS




S MNHIA

2 2 . . . QIFINOI Y SNOILVHEN
-OLINOD DN I 0 YITWAN
azdIno3d
INVOIJINDIS [LNVOIJINOIS [LNVOLIINOIS YONIW ANON ZINVAQY ADOTONHOTL
NOISUIAId/L¥0dVv HONNVI
MO Mol MOT | 43IONAIY HOIH FTLLOHS OL ALIALLISNIS
X1I119vdvD 1/d ATLLINHS NI
MoT MOT Mmo1 HOMH HOMH | "\ 1159003y OL ALIAILISNAS
LSTHOMH HOIH MOT WAIdENW WOIdIN \.wwwww%<ww.wé%<%w@m
INVIT13d0dd 91/avoT
HOIH MOT 1STMOT HOIH LSIHOIH Y A ST HOd YTd
aZ LN :
ST X STX STX a3 LINIT A¥TA ALITIEVAVD IILUOS
1043d dna1ing
- WANIXVIR 4Orvin QI LINIT ON ON { ;1 NvIT3dO¥d SSADXT SV IsN
AVIINZ 104
s3x sdx ON ON ON FTLIAHS YVNATSID
AVILNA 10d
saTx sai sdx ON ON | \OISSIN AMVIANVI/EVNAT
| 11990 DNINavVd NI
NOWIXVIN |  WANWIXYVIN | WAWIXVIN IHOITS INON | ONILIVM ON — FZIS 1LIITI
93 L1990 NI NOILDNad |
SANVId LISH0 Jlddvdal HOIH
1SADYVT qﬁe_m.mm“ qﬁamMWM IHOITS INON Ol QIUIATIAG SINVITAL
-0dd sN1dY¥ns 0 ISN
= —— ——— e HL
ado/€gs as ds/do X-go ) SNOILVOI'TdNI
ADFLVHEIS ONISVE-FIOVdS | JILVINNVYDOUd

SNOILVIOITdWI DILVININVIDOYd
SISATVNYV DNISVE JOVdS




9 34Nn9OId

@

' v-y Nollozag

e NECEPIZE] i 7

| 3o DNI2IDOg

| DI DNIMS  Tvaqg

R NOILDaS _ 7 < Y -Y Nollo3as _ v
w\ 777 7 77777 L I
7 Zrlll

_\\\_\ SoO l4cE p) SO0 lisc 131.\1!1.114_

- e ¢ dvo vy
VYISV YINEIXIIYIVYI

L “ \ )
) . 4

o < Sy
ot < | '
X 2/
- B slord soT A

|
| 353 B34
| ane> Yaroog —/

NS

N

_E

' O
. » .
Yy 0, 4 -
"IN g ,\\\
a\ 2 rd

v
A
|
{
l
|
!
|
!
/
I
!

3O DNIAD0Q

SN Zossiog  vaQ ADVIANIT DIvg - va(g

~, avvvad 11100704 |

ﬂ%mu?ou WARIZLTY [ LNINAOIAIT 2OV p—



L 3¥N9id

U —
ww\v;\\\ ~ < | v zo_suw

HDoEPRZAN
., \

| SNOISINO D4 / ) \\ 30V L
I =le 23dsvl

w

~ i

Lory OfNY /N///
. NV g | |

<-4 10:.0@@ _ - Y o —

NW\\\N\\SWV\\ 777
F/Jw

elvwle 3 o(wm

QAWOINYy Ldojias

N3ANNOL \\\\
um..ﬁa,qw._.

FON3IIAIALN

sNoISIAGR) DNIAPOQ “
| sNOIsIpoy DN iA>0Jg

1Ay Z3A7LOVD S
1oAYy o0IMe TR

<, IV 1NOaTO! <ily3 T
‘ lg3oNno> VYAIIZD LI \ L
NIWAO3Q LO
’ N4g QavyMmzo4
. | By 1noaioy




8 3JdNOIAL

- ———

vycolms TV
7/

\/

A\\%\\ 777
|

NOIVOOo WY of
I3 d3ses NOLLISOY
a3A0y3aa il

SNOISINOZY BOIXIDOQ

T
S INY 1204d0s
. QoUVLS 35VJS

. ‘ =~
.
. 7
- - -
N !
4 ~
7 .
_
=1 | MW

NOLVDOO VN Of
13O dISS s NOILISOY \

A3ATUYIQ WVILwY V\
SNOISINOZY YNIDIDOCT 1224408

VAL TVoOuUL T

(savohe 30

aw) 3ovaD 3RS

(Qvouwg 79rvs) ANW3D IWIG

2 AWYH4 100002

sL

S300N0D IVAZI2L3S \._IQN.SYO..CND. Zalvayo3anz|

) sanis 100aT0s




6 3JuN9id

_ >

< ¥
|

1 7
‘ - o
s 8] OO WONY ~ =i . 2
/GROUIT AVOUVS—~=i ' |
I T e |

SANIT 3 2004 VAL DA3LS 3LININWOD

| v K_/? cowoac TV

A — .

W _. 7 g L LT L

&\\ 192y QvoI v 311L0K § Al eavolvd LHogd0s |
7 T J % T |

) h | Qo\vls 35V4S
+ : —_— e . ]

1w

/ \
200 PQUY\POJ&UO NUMO%W
OWd  QvoiNvg IT10NS | 8 MO

oiLisoy Jéjhua@hm R | .»mu.o.—...n.umﬁmq MNQS_V_OOQ

povedah JAawi Licy

AV Lo | | . | _
oo WSOLo02US I3LNIWD3IC SOOCT Lo aZls 3LINEWOD

SLITDOOD TIM3IZL IS \ 1oaniodaq Boog Avg QYOI L aore

|



0L 3y¥NOld

V.

N-Y Qolosg

7277 ZZI T, \w

W,

VoV LHeddas

NOLVLS 35VdS

hy

=

Sansas it M

ﬁ%@

200g

NG NOWVH

Noisoy\ TYEOLXTAUS

Q3koyag \ 20MA20g
AAaviLio|

L

) ' DL N ' ——
QYOI N I LON

=

93V
1 - n —

,./
\
/
| \
OOEY 343N —
=00g J SQOISINO G ,,.,
NG NOoNVL SNIOJ ~
NoiLisog\ TSRS
dzloy3g
 AaviLio]

ANVED 3 BooT WIOLO021S

31378WOD

\4

{r

V=1 VYV

NolLDs3G
DU

L1~/

v\\WV;\\.:VvN\/\\\J 77

2 A
<k
L
Al

T3O0AL
34OV L

w

|

Sld3oaoo vaAllZLag
2. ANy ANCTHOH

oy
-

~——

) BNV LGl 100



1T NNOIL

*sxojouexed uoomieq sasodand
uostredwod 103 posn 9q 3ou Aew pue Ayuo Iajasweded palsI] YoBS UTYITM SBUTHUEX ©IBOTPUT SSNTBA [EITIBUNU Y]

+4LON

(o1°91d)

SLdIONOD

GINIINOD

(6 *91d)

J00a Avd

avo1avd

8 °*914d)
YOLVYddo

=311

(¢ *91d)

LOAId
qyvmiod

- 5

9

14

S

[4

S

£

(9 *91d)

S

9

¢

S

[4

S

¢

STOVANIT

ALITI9ISSISSV
LNIWLSNIAV

ANV 1N0=YNJdHD
WS INVHO JdW

LIVdWI
S00

XINW
avo1Avd OL
ALITIYVLdVAV

ALIXdTdNOD
WSINVHOINW

SLIdd4d

NO 1LLYOLSIA

TVWIEHL

SLNINY INURY
dIAMOd

ALITIGVITH
TYNOILVYddO

LIVdIHI
LHOIHM WHLSAS

LddONOOD
WSINVHO dW

40INY NOILOHTAS WSINVHIIW TVAAIULIU/LNINAOTIIAA




LNTNZONYI |
VG TV SO T

2 RBUNDIY

vV Goilo3s

LTINS TSI 3/

| 3nvss LTOGH0S
“ SIS E R



L20440s QWOINVg QavMI3OJ N NOHS

-\ NOILDZ2C

£l 34Nnol4 §
LN TN FONET ON/HOOT ]

4383 Oo'¢c-

LoAaals ITL|FO SOo3 ( 4>1)
2LO)
S3HDN o FIVIS |
Om_N QNW OW. B_Q_ OM o Mv
!
3vA AL
NS INNH D3N
| DO 3 AVOThV
DVAZELO ($3AL/SO0 g ——

QOLLVDI0OM b avVOAvg

aALvWIXOaJd JdY NS Iy 23N B Riscodg Uior.u
, / I

TACUOCALS D3LAVYAY e .,J

1!

m ®e - ry v -
1 \ SNOUVWIOT LBO04dOS IwaOLAAULS
,A/:D L3Sl 2007 id O@v . IVOUNL DILIGTO O3

~ DIOM2ANT AwON Y,QO_

VO" 4 m&or\moo

| NOWLISO4 T3AOTAIG QVOTIAY4

\

. L @22)ldsls9 L3N LBVEWOD Avg Avolly

e LA mna

oy eap 4 T NI J.\,ym
T AN _



